In this communication we are reporting the first of a series of metabolic studies in certain diseases in which there is an altered rate of oxygen consumption without a recognized disturbance in thyroid function. We wish particularly to stress a correlation between oxygen consumption and protein metabolism. Data obtained by a study of six patients with pernicious anemia are presented and discussed.
gave conflicting results. Some patients would show nitrogen retention and others nitrogen loss, and occasionally a shift from negative to positive nitrogen balance would occur in a patient while under observation. It was demonstrated that the nitrogen balance was not necessarily dependent upon the hemoglobin content of the blood or the protein intake. Studies were made before and after splenectomy and considerable effort was made to determine the proportion of nitrogen eliminated as urea and uric acid, but in many instances it is not possible now to tell whether the disease was in a regenerating or a relapsing phase when these observations were made. Gibson and Howard (9) Case 1, L. M., female, aged 46 years. The total period of observation was 103 days. Determinations were made daily for 34 days, once during the sixth week and tni-weekly thereafter except that the basal metabolic rate was not done on the fifth day and no observations were made between the eighty-sixth and ninety-eighth days. Erythrocyte counts were made frequently. The treatment consisted of 4 cc. of dilute hydrochloric acid with each meal and three vials of Lilly's liver extract daily, beginning after a control period of 9 days. General hospital diet was given for the first 36 days and high caloric general diet for the succeeding 67 days. The body weight increased from 53.0 kgm. to 63.5 kgm. During the period 57 determinations of the basal metabolic rate were made with duplicate gas analyses.
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nitrogen balance shifts from a negative to a positive phase soon after treatment with liver extract is begun. However, one might rightly object to Alt' s assumption that the stools contain one gram of nitrogen per diem. (See data on Case 6.) No doubt the earlier and very careful metabolic studies yielded variable results because the observers lacked the present methods for producing and recognizing remissions.
The water balance in pernicious anemia has been carefully studied by Meulengracht and his associates (11) , who found that water is often retained during relapses and excreted normally during remissions. It is their contention that the water retention is not due to low hemoglobin content of the blood nor renal insufficiency but may be dependent upon the lowered colloid osmotic pressure of the plasma. Alt 
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For this purpose six cases of typical and severe pernicious anemia were selected. In one patient the nitrogen balance was also determined because this seemed to be of great importance in explaining the variations in oxygen consumption.
The subjective and objective features upon which the diagnoses were based can be expressed most readily by means of the ten diagnostic points described by Rohner (12) : (1) Previous remissions, (2) paresthesias, (3) glossitis, (4) subacute combined sclerosis, (5) color index greater than unity, (6) erythrocytes below 2.5 million, (7) leukopenia, (8) macrocytosis, (9) achlorhydria, (10) The body temperature is usually elevated during a severe relapse in pernicious anemia and is practically normal during a remission.
As can be seen from the tabulations ( The pulse rate decreased slightly during the reticulocyte crises in some patients, but most of the decrease occurred later in the period of regeneration. The work of the heart in these patients can not be determined from the pulse rate alone because the slight slowing might. be easily overbalanced by an increase in blood viscosity or in peripheral resistance. We can find no circumstance which indicates that there was any significant change in the energy utilized in maintaining blood flow during the periods of decrease in oxygen consumption in our patients.
The respiratory rate changed so little as to be of no significance. Psychic reactions may be a factor in oxygen consumption and are very hard to evaluate. Most of our patients showed the irritability so often seen in pernicious anemia but none had definite psychoses and all cooperated very satisfactorily. Patients 3 and 4 received luminal in moderate doses without any change in the type of response. Longer control periods would have been desirable in two patients (especially Case 6) because excitement occasioned by the test is likely to increase the oxygen consumption at first. This factor, however, is not as important in pernicious anemia as in Graves' disease. In four of the patients the control periods were sufficiently long (8 to 12 days).
From the foregoing considerations we must conclude that the orderly and gradual decrease in oxygen consumption which often occurs at the beginning of an induced remission in pernicious anemia is not due to changes in the body temperature, pulse rate, respiratory rate or psychic state. The change in oxygen consumption in our cases is the reverse of what would be expected if the generally accepted explanation for the increase in oxygen consumption in pernicious anemia be correct.
PERNICIOUS ANEMIA
Rapid cell growth and an excessive oxygen utilization by young cells have been almost universally accepted as factors contributing to the increased oxygen requirement in pernicious anemia, erythremia, leukemia and lymphoma. Obviously new cells are being formed rapidly in the last three diseases but there is some difference of opinion about the rapidity of cell formation during induced remissions in pernicious anemia.
It is to be recalled that Alt (7) reported observations which he interpreted as showing an increase in oxygen consumption during reticulocyte crises in pernicious anemia. This increase was attributed to overactivity of the blood forming tissues. Alt also found a lowered oxygen metabolism during the regenerative period when the blood forming organs must still have been rather active.
The oxygen consumption of adult erythrocytes is practically nihil, but Harrop (13) found that blood containing numerous reticulocytes consumed a measurable amount of oxygen. Accordingly the circulating blood might use more oxygen during a reticulocyte crisis than at other times, but this effect, if present, is usually completely overshadowed by some more potent influence.
That rapid cell growth in the adult organism will result in an increase in the total oxygen requirement is an assumption which seems to have gone unchallenged, but we should remind ourselves that it has not been proved, and our observations as well as those of some other investigators (14) indicate that it may be erroneous.
Rapid cell formation and rapid cell destruction coexist very commonly in diseases of 'the blood forming organs, and it has been very difficult to determine which of these processes is responsible for the changes in oxygen consumption which exist. Isaacs (15) suggested a relationship between the increased destruction of nuclear material and the increased oxygen consumption in erythremia, leukemia and pernicious anemia. In the first two at least and probably in all of these diseases there is rapid cell formation as well as rapid cell destruction. In a patient not reported in this series we found basal metabolic rates of 22.4 per cent and 23.2 per cent above normal during a reticulocyte crisis. At the time of these determinations 56 per cent of the erythrocytes were reticulated, and nucleated blood cells numbered 53,800 per cmm., of which 26,900 per cmm. (50 per cent) were nucleated 538 erythrocytes and 19,100 were neutrophiles. Unfortunately, we know nothing of the oxygen consumption either just before or just after this crisis, nor do we know anything about the uric acid metabolism or nitrogen balance. Among the patients whom we studied systematically one (Case 4) showed a slight rise in the basal metabolic rate during the beginning of the reticulocyte crisis, but the rate fell rapidly and was falling during the peak of the crisis. Even if all patients showed an increase in the oxygen consumption during the reticulocyte crisis we would have no proof that such an increase was the result of cell formation rather than nuclear destruction. Riddle (16) showed that the endogenous uric acid metabolism is increased in beginning remissions even before the reticulocyte crisis appears, and that the uric acid content of both the blood and urine falls before the reticulocyte crisis disappears. During the regenerative period which follows the first part of the reticulocyte crisis, we have, in pernicious anemia, a blood dyscrasia in which there is at least normally rapid cell formation without a correspondingly rapid cell destruction unless extruded nuclei are being destroyed.
Rubner (17) and Hoobler (18) separately showed that amino acids which enter into the formation of body proteins exert no specific dynamic action. When protein is stored there is also a saving of the oxygen which would have been required to metabolize it. It would seem that, during a relapse, patients with pernicious anemia are in partial protein starvation in spite of an adequate protein intake, and that by specific therapy they are suddenly rendered able to use and store nitrogen in a normal fashion. All investigators seem to agree that treatment with liver extract results in nitrogen retention regardless of any change in the protein intake. Under such circumstances the conservation of useable amino acids would seem to involve less waste (specific dynamic action) and probably less use of oxygen than would the catabolism of those amino acids.
The changes in nitrogen balance are, in some instances, not great enough to account for the changes in oxygen consumption. That is, the oxygen involved in the estimated specific dynamic action together with oxygen which would have been required to metabolize the stored protein will not always be equivalent to the lowering which occurs in the total oxygen requirement. In this connection, we should re-539 PERNICIOUS ANEMIA member the tendency of the body to retain some portions of broken down cells which can be used again (e.g., iron). It may be that the body is using certain protein fractions over and over again in an effort to perfect some type of protoplasm which is essential to normal hematopoiesis (stroma of erythrocytes?). The human organism can utilize protein derived from the body of any other animal and we are not aware of any proof that it can not re-utilize its own broken down protein. If re-utilization of protein takes place an added quantity of oxygen might be involved in the process.
Almost the converse of the above state of affairs can be demonstrated in some patients with leukemia who are given roentgen ray treatment.
Results of such observations will be reported in a subse4uent paper.
Several observations, some of which have been described by other investigators and which are more or less incidental to this study, will be enumerated.
1. As the blood count increased there was a tendency toward a decrease in both the volume index and the color index.
2. Serum bilirubin fell to a normal level promptly after liver therapy was begun.
3. The appetite increased soon after the reticulocyte crisis. 4. In four patients the respiratory quotient increased significantly under treatment whereas in the other two there was a decrease.
5. The urine volume averaged slightly less than the liquid intake during the control period (Table 2) . During the first 6 days of liver extract therapy the urine volume decreased still more but during the remainder of the period there was a distinct diuresis. No attempt was made to measure the imperceptible water loss.
6. The uric acid excretion (Table 2) increased at the beginning of the reticulocyte crisis and continued high for several days.
7. The urea excretion (Table 2 ) decreased during the reticulocyte crisis but returned to its previous level early in the period of regeneration.
8. In Case 6 the nitrogen content of the stool was ten times as much for the first 6-day period as for the last period of 6 days. Much of this variation was no doubt due to diarrhea. A blood dyscrasia (pernicious anemia) has been studied during relapses and remissions. Early in induced remissions the influences which cause a lowering of the oxygen requirement are usually potent enough to counteract the effect of two factors which might in themselves tend to increase the oxygen requirement during this period. These two factors are, first, the increased oxygen requirement of circulating reticulocytes, and, second, the increased oxygen required to maintain the high level of endogenous uric acid metabolism which exists. During an active relapse blood cells are being destroyed more rapidly than they are formed, and there is a negative nitrogen balance with an increased oxygen consumption. During induced remissions blood cells are being formed much more rapidly than they are being destroyed and there is nitrogen retention with a decreasing oxygen consumption. We wish to suggest the following as a working hypothesis: There is a direct causal relationship between the increase in nitrogen catabolism and the increased oxygen consumption, and a similar relationship of cause and effect between nitrogen storage and decrease in oxygen requirement. 
